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MAY IT PLEASE YOUR HONORS: 

(i) Real Party in Interest 

The real party in interest in this appeal is the 
assignee, loltechnologie-Production of La Rochelle, France. 

(ii) Related Appeals and Interferences 
None . 

(iii) Status of Claims 

Claims 21-33, 38-39, 42-43, 64, 68, and 69 are pending 
in this application. The present appeal is taken from the final 
rejection of all the pending claims. 

(iv) Status of Amendments 

No amendment was filed subsequent to the final 

rejection on appeal. 

^ 11/21/2006 S2EWDIE1 mmmh 894860&5 

(v) Summary of Claimed Subject Matt.er Csg49£ 258.08 OP 

Sole independent claim 68 recites an intraocular lens 
comprising a flexible material and at least one relatively rigid 
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material (page 3, lines 25-31), wherein functional groups are 
anchored on the material of the lens (page 6, lines 22-24), which 
allow copolymerization with a mixture of monomers and/or polymers 
(page 6, lines 30-34), thereby resulting in a structural 
modification which increases the rigidity of the material of the 
lens (page 6, lines 28-29) . 

Appellants have discovered that by selectively 
anchoring functional groups on a material of a lens and 
■subsequently conducting a step of copolymerization with a mixture 
of monomers and/or polymers (page 6, lines 30-34), the areas of 
the lens that have been structurally modified to anchor the 
functional groups become relatively rigid. The unmodified 
portions of the lens remain relatively flexible (page, 4, lines 
9-15) . 

These structural modifications result in an intraocular 
lens that has a flexible portion and at least one relatively 
rigid portion but formed from the same basic polymeric material 
(page 5, lines 1-5) . The combination of these features allows 
the claimed intraocular lens to be implanted in a way that 
reduces the risk of damaging ocular tissue and lessens post- 
operative complications . 

( vi ) Grounds of Rejection to be Reviewed on Appeal 

The issues are on appeal are as follows: 
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I) Whether claims 21-23, 27, 28, 31, 32, 68 and 69 
are anticipated under 35 USC § 102 (b) by OSAMU (JP 5269191); 

II) Whether claims 23, 33, 68 and 69 are anticipated 
under 35 USC § 102 (b) by BENZ (US Patent No. 6,267,784); 

III) Whether claim 25 would have been obvious within 
the meaning of 35 USC §103 (a) based on BENZ in view of FREEMAN 
(US Patent No. 5,693,095); 

IV) Whether claim 26 would have been obvious within 
the meaning of 35 USC §103 (a) based on BENZ in view of BOS (US 
Patent No. 5, 762, 836) ; 

V) Whether claims 24, 29, 30, and 33 would have been 
obvious within the meaning of 35 USC §103 (a) based on OSAMU in 
view of VANDERBILT (US Patent No. 5,326,506); and 

VI) Whether claims 38, 39, 42, 43, and 64 would have 
been obvious within the meaning of 35 USC §103 (a) based on BENZ 
in view of WANG (US Patent No. 6,011,082). 

(vii) Argvunent 

Osamu Does Not Anticipate Any of Claims 21-23, 27, 23, 31, 32, 68 
and 69 

As the rejection was made "final" without a full 
translation having been provided, appellants attach herewith an 
English translation of the entire OSAMU publication for the 
convenience of the Board. 
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Upon reviewing the full translation, it is believed to 
be apparent that OSAMU fails to disclose or suggest an intraocular 
lens comprising a flexible material and at least one relatively 
rigid material, wherein functional groups are anchored on the 
material of the lens as recited in the claimed invention. 

OSAMU discloses a composite lens. The composite lens 
comprises an optical part and a peripheral part. The optical and 
peripheral parts are disclosed by OSAMU as having distinct tensile 
modulus and glass transition points (Paragraph 4) . 

The optical part is relatively soft as compared to the 
peripheral part. A starting rigid lens material is first produced, 
and then in a second step, the optical part is softened in the 
whole depth of the material by an esterif ication reaction and/or 
an ester exchange reaction (paragraphs 0012 and 0013) . 

As disclosed in examples 1-4, the lens material is 
first obtained from copolymerization of acrylic acid, butyl 
acrylate, ethyleneglycol dimethacrylate, butyl methacrylate and 
benzoin methyl ether. The lens material is then esterif led by 
reaction with n-butanol. According to OSAMU, the lens base 
material (poly-acrylic acid based copolymer) provides acid 
functions which react with the alcohol functions of n-butanol, 
■thereby softening the central optic part of the lens. 

The OSAMU lens stands in contrast to the claimed 
intraocular lens. OSAMU starts with a rigid material and softens 
particular portions of the rigid material (paragraphs 0011-0013) 
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to obtain the lens. The claimed lens material comprises anchored 
functional groups, such as alcohol functions, which can be used 
to react with antagonistic reaction functions, such as acid 
chlorides. The anchored functional groups (unsaturated bonds) on 
the surface of the lens of the claimed invention allows further 
copolymerization with the anchored functional group with monomers 
or polymers to obtain the claimed intraocular lens. 

Thus, the anchoring of functional groups does not 
directly rigidify the treated zone, but provides at the periphery 
of the optical material some unsaturated bonds, which in turn can 
be copolymerised with monomers in order to obtain rigidif ication . 

While the final rejection mailed on February 9, 2006 
states that OSAMU discloses the use of reaction functions at 
Paragraph 0010, the passage at Paragraph 0010 does not refer to 
functional groups anchored on a material or an intraocular lens. 
Rather, the excerpt at Paragraph 0010 discusses the use of 
thermopolymerization initiators. One skilled in the chemical 
arts would understand that thermopolymerization initiators are 
compounds that initiate a chain reaction and that this excerpt 
does not suggest that any of the materials are anchored on the 
lens base material. 

While the final rejection states on page 2 that the 
claims are merely directed to a ^'lens having both a flexible and 
rigid material", it appears that the final rejection simply 
disregards the recitations directed to the functional groups 
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anchored on the material. The final rejection states that the 
method of making the lens and the functional language '^carries no 
weight" in the absence of any distinguishing structure. However, 
one skilled in the chemical arts would also understand that the 
anchoring of chemical groups (i.e., functional groups) on a 
material is a structural modification. 

Thus, in view of the above, OSAMU fails to disclose an 
intraocular lens comprising a flexible material and at least one 
relatively rigid material, wherein functional groups are anchored 
on the material of the lens, which allow copolymerization with a 
mixture of monomers and/or polymers , thereby resulting in a 
structural modification that selectively increases the rigidity 
of the material of the lens. As OSAMU does not disclose each 
recitation of the claimed invention, claims 21-23, 27, 28, 31, 
32, 68 and 69 can not be anticipated by OSAMU, 

Claims 21-23, 27, 28, 31, 32, 68 and 69 Are 
Not Anticipated By BENZ . 

Upon carefully reviewing the BENZ publication, it is 
believed to be apparent that BENZ does not teach or suggest an 
intraocular lens comprising a flexible material and at least one 
relatively rigid material, wherein functional groups are anchored 
on the material of the lens, which allow copolymerization with a 
mixture of monomers and/or polymers, thereby resulting in a 
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structural modification that selectively increases the rigidity of 
the material of the lens. 

The intraocular lens of BENZ is a one piece intraocular 
lens having an optic portion and a haptic portion formed from a 
copolymer that includes an incorporated hydrophilic monomer and an 
incorporated alkoxyalkyl methacrylate monomer. The optic and 
haptic portions of the one-piece intraocular lens and intraocular 
lens are formed from the same copolymer. The copolymer comprises 
a hydrophilic monomer and an alkoxyalkyl methacrylate monomer. 
Generally, the optic and haptic are made of the same copolymer, 
(col 3, lines 1-16) . 

BENZ states at col 3, lines 27-29 that '^Both regions 
are manufactured from a copolymer of a hydrophilic monomer and an 
alkoxyalkylmethacrylate monomer" and at col 4, lines 24-2 6 that 
^^the optical and haptic portions of the lOL of the present 
invention are formed of the same or different, preferably the 
same copolymer of a hydrophilic monomer and an 
alkoxyalkylmethacrylate monomer". When the optical and haptic 
portions are made of the same copolymer of a hydrophilic monomer 
and an alkoxyalkylmethacrylate monomer (which is a preferred 
embodiment of BENZ), there is no difference in their rigidity. 
Indeed, nowhere does BENZ suggest that optical and haptic 
portions of a lens should exhibit a difference in their rigidity. 

As to the compounds disclosed at col 5, line 1-7, these 
compounds are not functional groups anchored on the material of 
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the lens. Rather, the compounds are polymerization initiators 
or crosslinking agents. 

In imposing the rejection, the final rejection again 
disregards the recitations directed to the functional groups 
anchored on the recited lens material. However, as noted above, 
one skilled in the chemical arts would plainly understand that 
the recitations directed to the anchoring of functional groups on 
a material are a structural modification. 

Accordingly, BENZ does not disclose or suggest each and 
every recitation of the claims to support an anticipation or 
obviousness rejection of claim 68 and dependent claims 23, 33 and 
69. 

Claim 25 Would Not Have Been Obvious Based On BENZ In View 
FREEMAN 

In rejecting claim 25, the final rejection acknowledges 
that Benz does not teach diethylene glycol dimethacrylate as a 
crosslinking copolymer. Rather, the final rejection cites to 
FREEMAN for the proposition that it would have been obvious to 
use diethylene glycol dimethacrylate as a crosslinking copolymer. 

FREEMAN discloses soft, flexible acrylic materials that 
may be used in lenses. These materials contain an arylacrylic 
hydrophobic monomer and one hydrophilic monomer (col 2, lines 10- 
20) . FREEMAN discloses that a number of copolymerizable cross- 
linking agents can be used, ethylene glycol dimethacrylate. 
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diethylene glycol dimethacrylate , allyl methacrylate , 1,3- 
propanediol dimethacrylate, allyl methacrylate , 1 , 6-hexanediol 
dimethacrylate, 1 , 4-butanediol dimethacrylate , and the like (col 
5, lines 1-15) . 

However, FREEMAN is not concerned with making an 
intraocular lens or other kinds of optical lenses, that contain a 
flexible material and at least one relatively rigid material, 
wherein the flexible material comprises functional groups 
anchored on the material of the lens which allow copolymerization 
with a mixture of monomers and/or polymers. 

Accordingly, FREEMAN does not remedy the deficiencies 
of BENZ for reference purposes. 

BENZ In View of BOS Does Not Render Obvious Claim 26 

In imposing the rejection, the final rejection concedes 
that BENZ does not disclose forming a lens with 
polydimethylsiloxanes . Rather, the final rejection cites to BOS 
in an effort to remedy the deficiencies of BENZ for reference 
purposes . 

BOS discloses a method of making an intraocular implant 
having a flexible lens. The method utilizes a mold having two 
parts that are disposed on either side of a plate having a 
central orifice. The material that is to constitute the lens 
portion is disposed in the central cavity of the mold. After 
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removing the material from the mold, the material is further 
machined to make the lens. Thus, the optical and haptic 

portions of the lenses that are produced are bonded, wherein 
bonding is achieved either mechanically, by interpenetration or 
by adhesion (col 4, lines 66 to col 5, lines 14) . 

However, while the final rejection cites to BOS for the 
proposition that it would have been obvious to one skilled in 
the art to incorporate polydimethylsiloxanes in a lens material, 
BOS does not teach structurally modifying flexible materials to 
provide a relatively rigid area or material in a lens. 

Rather, BOS discloses the bonding, fusion or adhesion 
of materials to bond a rigid material to a flexible material. 
Accordingly, BOS actually leads one skilled in the art away from 
the claimed invention. What distinguishes the claimed 
intraocular lens from BENZ in view of BOS is the structure of 
the lens itself and not necessarily the use a particular polymer 
material . 

In view of the above, it is believed that the rejection 
of claim 26 should be reversed. 

Claims 24, 29, 30, and 33 Would Not Have Been Obvious Based On 
OSAMU In View Of VANDERBILT 

As to the rejections of claims 24, 29, 30, and 33, the 
final rejection acknowledges that OSAMU fails to disclose that 
MMA polymers may be crosslinked to help form a lens. Rather, the 
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final rejection cites to VANDERBILT in an effort to remedy the 
deficiencies of OSAMU for reference purposes. 

VANDERBILT discloses a method of making an intraocular 
lens. The method includes the steps of forming a core of a high 
refractive material suitable for use as an intraocular lens, 
swelling the core, placing a polymerizable material capable of 
forming an intraocular lens haptic about the core, and 
polymerizing the polymerizable material. The method further 
includes the step of machining the material to form a composite 
intraocular lens having an optic portion and a haptic portion. 
In particular, VANDERBILT discloses a process of interpenetrating 
two pre-existing polymeric networks, whereby a physical assembly 
occurs between a rigid zone made of PMMA and a flexible zone made 
of p-HEMA (col 7, 1. 61-68; and col 8, lines, 1-12) . 

However, VANDERBILT does not teach or suggest a lens 
having a flexible material and rigid material, wherein the rigid 
material is a chemical and structural modification of the 
flexible material itself as recited in the claims. Therefore, it 
is of no import that VANDERBILT cites a polymeric composition 
with PMMA and MMA polymers in a lens. 

Accordingly, the combination of OSAMU in view of 
VANDERBILT fails to render obvious claims 24, 29, 30, and 33. 

Claims 38, 39, 42, 43, and 64 Would Not Have Been Obvious Based 
on BENZ in View of WANG. 
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In rejecting claims 38, 39, 42, 43, and 64, the final 
rejection states that BENZ fails to disclose the agent used in 
crosslinking polyf unctional groups. WANG is cited by the final 
rejection as teaching that polyf unctional agent can be used in 
the crosslinking of polymers (col 5, lines 1-7) . 

WANG discloses a process for the surface modification 
of a polymer involving the use of surface interpenetrating 
polymer networks. The process can be used to increase the 
ability of a surface modification agent, such as heparin, to 
adhere to the surface of the polymer. There are no direct bonds 
to any reactive groups located on the surface of the polymer 
■substrate. WANG discloses that surface modification affects only 
the surface of the polymer, rather than the bulk of the polymer 
(col 2, line 65 to col 3, line 62) . 

While WANG discusses a coupling agent, WANG does not 
disclose an intraocular lens having a flexible material and at 
least one relatively rigid material, or where the flexible 
material comprises functional groups anchored on the material of 
the lens to allow copolymerization with a mixture of monomers 
and/or polymers. 

Thus, the combination of WANG in view of BENZ fails to 
disclose or suggest claims 38, 39, 42, 43, and 64. 
Conclusion 

From the foregoing discussion, it is believed that the 
rejections of claims 21-33, 38-39, 42-43, 64, 68, and 69 are 
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improper and should be reversed. Such action is accordingly 
respectfully requested. 

Respectfully submitted, 
YOUNG & THOMPSON 

Philip A. DuBois, Reg. No. 50,696 
745 South 23'''^ Street 
Arlington, VA 22202 
Telephone (703) 521-2297 
Telefax (703) 685-0573 
(703) 979-4709 

November 14, 2006 



13 



Docket No. 2551-1001 0504-1017 
Appln. No. 10/009,532 09/486,065 

(viii) Claims Appendix 

21. The intraocular lens according to claim 68, wherein 
the relatively rigid material resulting from a structural 
chemical modification of said flexible material is a polymerized 
material , 

22. The intraocular lens according to claim 68, wherein 
the relatively rigid material resulting from a structural 
chemical modification of said flexible material is hydrophilic. 

23. The intraocular lens according to claim 68, wherein 
the flexible material is selected from the group consisting of 
crosslinked polymer and copolymer materials. 

24. The intraocular lens according to claim 23, wherein 
the copolymer materials are random methyl-methacrylate- 
hydroxymethyl-methacrylate (MMA-HMA) co-polymers crosslinked by a 
functional agent. 

25. The intraocular lens according to claim 23, wherein 
the polymer functional agent is diethylene glycol dimethacrylate . 

26. The intraocular lens according to claim 23, wherein 
the polymer materials are polydimethylsiloxanes . 
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27. The intraocular lens according to claim 68, 
wherein said intraocular lens comprises an optic part and a 
haptic part, said optic part being comprised of said flexible 
material and said haptic part including said at least one 
relatively rigid material. 

28. The intraocular lens according to claim 68, wherein 
said intraocular lens comprises an optic part and a haptic part, 
said optic part comprising one or more portions of the flexible 
material and one or more portions of the relatively rigid 
material resulting from a structural chemical modification of 
said flexible material. 

29. The intraocular lens according to claim 68, wherein 
said intraocular lens comprises an optic part and a haptic part, 
said optic part comprising one or more strips of the flexible 
material alternating with one or more strips of the relatively 
rigid material resulting from a structural chemical modification 
of said flexible material. 

30. The intraocular lens according to claim 68, 
wherein said intraocular lens comprises an optic part and a 
haptic part, said optic part including one or more zones 
adjoining the haptic part and in continuity with one or more 
zones of the relatively rigid material resulting from a 
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structural chemical modification of said flexible material of the 
haptic part. 

31. The intraocular lens according to claim 68, wherein 
said intraocular lens comprises an optic part and a haptic part, 
said optic part being primarily made of the flexible material and 
the haptic part being primarily made of the relatively rigid 
material resulting from a structural chemical modification of 
said flexible material. 

32. The intraocular lens according to claim 30, wherein 
the haptic part comprises appendices. 

33. The intraocular lens according to claim 68, wherein 
the relatively rigid material resulting from a structural 
chemical modification of said flexible material is a random 
methyl-methacrylate-hydroxymethyl-methacrylate (MMA-HMA) 
copolymer modified with at least one reactive compound. 

38. The intraocular lens according to claim 33, wherein 
the reactive compound is a polyf unctional agent, one or more 
functions of said polyf unctional agent being antagonistic to the 
functions of MMA-HMA and are capable of reacting with them, the 
other function or functions of said polyf unctional agent being 
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polymerizable allowing post postpolymerization so as to increase 
crosslinking density and enhance relative rigidity. 

39. The intraocular lens according to claim 38, wherein 
said polyfunctional agent is selected in the group consisting of 
functional styrene monomer, acryloyl halides, methacryloyl 
halides, and allyl halides. 

42. The intraocular lens according to claim 33, wherein 
the reactive compound is a polyfunctional agent, one or more 
functions of said polyfunctional agent being antagonistic to the 
functions of the HMA and capable of reacting with them, the other 
function or functions being copolymerizable with a mixture of 
monomers and/or a polymer blend. 

43. The intraocular lens according to claim 42, wherein 
said polyfunctional agent is selected in the group consisting of 
methacrylic acid, acrylic acid, and an alkylacryloyl halide. 

64. The intraocular lens according to claim 42, wherein 
the monomers are selected from the group consisting of styrene, 
acrylic derivatives and alkylacrylic derivatives, and the polymer 
is PMMA. 
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68. An intraocular lens, comprising a flexible material 
and at least one relatively rigid material, wherein said flexible 
material comprises functional groups anchored on the material of 
the lens which allow copolymerization with a mixture of monomers 
and/or polymers, thereby resulting in a structural modification 
which selectively increases the rigidity of the material of the 
lens . 

69. The intraocular lens according to claim 68, wherein 
the flexible material has functional groups which are capable of 
-reacting with antagonistic reaction functions of at least one 
reactive compound, wherein a chemical reaction of said reactive 
functions with antagonistic reactive functions of at least one 
reactive compound results in anchoring functional groups on the 
flexible material. 
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(ix) Evidence Appendix 

Full English translation of JP 5-269191 
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(x) Related Proceedings Appendix 

None . 
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English Translation of JP 5-269191 

Japanese Patent Application No. 4-100239, filed March 27, 1 992 

Japanese Patent Application Laying open (KOKAl) No. 5-269191, published October 19, 1993 
Applicant: JAPAN SYNTHETIC RUBBER CORP. 

(54) [Title of the Invention] COMPOSITE LENS 

(57) [Abstract] 
[Object] 

To provide a composite lens being, as an intraocular lens in particular, excellent in 
characteristics of intraocular insertion and positional stability within an eye and being highly 
accurately processible. 
[Constitution] 

A composite lens characterized in that the composite lens comprises an optical-part 
material having a tensile modulus of 0.01 to 1, 000 MPa and a glass transition point not higher 
than 330°K and a peripheral-part material having a tensile modulus of 10 MPa to 500 GPa and a 
glass transition point not lower than 270°K, wherein the optical-part material is relatively softer 
than the peripheral-part material. 

[Claims] 
[Claim 1] 

A composite lens characterized in that the composite lens comprises an optical-part 
material having a tensile modulus of 0.01 to 1,000 MPa and a glass transition point not higher 
than 330°K and a peripheral-part material having a tensile modulus of 10 MPa to 500 GPa and a 
glass transition point not lower than 270°K, wherein the optical-part material is relatively softer 
than the peripheral-part material. 
[Detailed Description of the Invention] 
[0001] 



[Industrial Application Field] 

The present invention relates to a composite lens and, in more particular, relates to a 
composite lens with its optical part being relatively softer than its peripheral part. 
[0002] 

[Conventional Art] 

For vision correction after cataract operation, eye glasses, contact lenses or intraocular 
lenses have been used up to now and, in particular, intraocular lenses have been used more 
frequently in recent years due to their excellent properties. As material of these intraocular 
lenses, polymethyl methacrylate (PMMA) is well known. PMMA is excellent in optical 
properties, vision correction performance and the like, but on the contrary it has drawbacks that 
corneal endothelial cells are damaged at the time of intraocular insertion, an incision with a size 
of not less than 6 mm must be usually made and, therefore, it may very often induce 
post-operation complication. Moreover, biogenic substances are apt to attach thereto within an 
eye and such a case where its optical surface becomes opaque has even been reported. As for a ^ 
PMMA lens, the problem of the optical surface being opacified by attachment of biogenic 
substances has been improved by various techniques of surface treatment, but as for problems 
such as damages to endothelial cells, concomitant occurrence of complication and the like, 
nothing has been improved up to the present. Accordingly, soft intraocular lens materials have 
been devised which include hydrophilic materials such as poly(2-hydroxyethyI methacrylate) 
and poly(N-vinyl-2-pyrrolidone), and non-hydrophilic materials such as silicon and acryl 
acrylate polymers. However, a soft lens can be shrunk by dehydration or folded up to insert it 
through a small incision, and is therefore unlikely to damage intraocular tissue and cause 
post-operation complication. However, its optical properties and vision correction performance 
are insufficient, and its mechanical strength is so small as to be potentially damaged upon 
intraocular insertion or after insertion, and further, soft lens material is not suitable for fine 
processing and difficult to process accurately into an intraocular lens. On the other hand, such 
soft composite lenses are proposed that their optical parts are hard and their peripheral parts are 
soft (see Japanese Patent Publication (KOKOKU) No. 55-29402 and Japanese Patent Publication 



(KOKOKU) No. 60-49298), but the soft peripheral parts of those composite lenses are softened 
and swollen by water or highly absorbing to water. The absorption of water during processing 
gives rise to distortion in a boundary region between the soft peripheral part and the hard optical 
part, and therefore it is difficult to finish them precisely. Moreover, it is disadvantageous that, 
since the peripheral-part is soft, it may be damaged at the time of intraocular insertion or after 
insertion, and cannot be positioned stably but displaced easily within an eye. 
[0003] 

[Problems to be Solved by the Invention] 

Accordingly, an object to be attained by the present invention is to provide a composite 
lens, in particular, as an intraocular lens that does not damage intraocular tissue but can be 
inserted through a small incision, moreover never deviates after intraocular insertion so as to be 
excellent in positional stability and able to undergo accurate processing due to its good 
susceptibility of processing. 
[0004] 

[Means for Solving the Problems] 

That is, the present invention relates to a composite lens characterized in that a tensile 
modulus of optical-part material is 0.01 to 1, 000 MPa and a glass transition point thereof is not 
higher than SSO^'K; the tensile modulus of peripheral-part material is 10 MPa to 500 GPa and 
glass transition point is not lower than 270°K; and optical-part material is relatively softer than 
the peripheral-part material. In the present invention, that optical-part material is relatively 
softer than peripheral-part material means that the tensile modulus and the glass transition point 
of optical-part material is lower than the peripheral-part material. 
[0005] 

Even if the optical-part material might be a soft composite lens relatively softer than 
peripheral-part material, when the tensile modulus of the optical-part material is occasionally 
larger than 1,000 MPa or the glass transition point occasionally higher than 330°K, it is 
impossible to fold up the composite lens to make it small at the time of intraocular insertion and 
insertion through a small incision can not only become infeasible but also harm intraocular tissue. 



On the other hand, the tensile modulus of optical-part material smaller than 0.01 MPa decreases 
optical properties as a lens. The lower limit of the glass transition point of optical-part material 
does not exist theoretically, but from the view point of such as optical properties and the like, a 
material with not lower than 1 30°K is normally used. On the other hand, peripheral-part 
material with the tensile modulus lower than 10 MPa or the glass transition point lower than 
270°K will worsen positional stability within an eye and will be more likely to give rise to 
deviation and is not preferable. In addition, the tensile modulus larger than 500 GPa is likely to 
harm intraocular tissue at the time of insertion or after insertion. The upper limit of the glass 
transition point of peripheral-part material does not exist theoretically, but a material with not 
higher than 500°K is normally used so that intraocular tissue will not get harmed at the time of 
intraocular insertion or after intraocular insertion. 




Composite lens of the present invention can be manufactured, for example, by following 
methods (a) to (d). 

(a) A method where a monomer that can provide a predetermined soft optical-part 
material and a monomer that can provide a predetermined hard peripheral-part material are 
polymerized in the mold with the required lens shape or a predetermined soft optical-part 
material and a predetermined hard peripheral-part material are molded in the mold with required 
lens shape. 

(b) A method for cutting and making into a required lens shape the bulk material having a 
composite structure obtained by polymerization of a monomer that can provide a predetermined 
soft optical-part material and a monomer that can provide a predetermined hard peripheral-part 
material or the bulk material made by compounding a predetermined soft optical-part material 
and a predetermined hard peripheral-part material. 

(c) A method where, after forming a lens base from the bulk material compounded by 
either polymerizing or forming an optical-part material and a peripheral-part material, which 
have different reactivity, a reaction is caused to the one that has higher reactivity out of the 



optical-part material and the peripheral-part to make the optical-part softer than the 
peripheral-part or to make the peripheral-part harder than the optical-part. 

(d) A method where, after forming a lens base from a material consisting of a reactive 
single mass polymer (instead, this may be a polymer blend or polymer alloy), only the 
optical-part is processed to soften, or alternatively only the peripheral-part is processed to 
harden. 




Of the methods described in (a) to (d), the method (a) has problems in cost efficiency, 
workability, etc. since the method requires many kinds and great number of precisely shaped 
molds. On the other hand, the method (b) has drawbacks in that monomer preparation is 
complicated, that regulation of a polymer reaction is a challenge, etc. since the method (II) 
requires the monomer that is a part of generally soft optical material to have a long chain or a 
specific substituent. Thus, the methods (c) or (d) is usually preferred. 

Regarding (c) and (d), methods of softening the optical-part, for example, include (1) a 
method of introducing substituents which may soften the polymer, and (2) a method of Assuring 
bonds between polymer molecules. Methods of hardening the peripheral-part, for example, 
include (3) a method of introducing fiinctional groups which may make a polymer harden, and 
(4) a method of fissuring (note: This is translated as the original is.) bonds between polymer 
molecules. Especially, the method (1) of softening the optical-part by introducing substituents 
that may soften a polymer is preferred. Thus, hereinafter, the method (1) of making the 
optical-part soften by introducing substituents is described in detail. 
[0008] 

In the method (1), the bulk material obtained by composing an optical-part material as 
well as a peripheral -part material used in the method (c) can be manufactured by: (i) a method of 
polymerizing a monomer for imparting the peripheral-part material so as to contact tightly, in the 
periphery of optical-part material formed in advance, to the optical-part material; (ii) a method of 
polymerizing a monomer for imparting an optical-part material in the presence of an 
peripheral-part material formed in advance; (iii) a method of composing an optical-part material 



and a peripheral-part material both formed in advance into a required disposition and the like. 
Among those methods, the method (i) and (ii) are preferable, since deformation by 
polymerization as well as optical deformation can be restrained by appropriately selecting and 
combining monomer types and monomer composition; and bonds between the optical-part 
material and the peripheral-part material can be intensified. Here, the methods (i) and (ii) can 
be applied to polymerization in the above described methods (a) and (b). And the method (d) 
itself of fabricating a single mass polymer will be recognizable to those skilled in the art. 
[0009] 

The above described method (i) can be performed with a method of polymerizing a 
monomer for imparting the peripheral-part material in use of a rotary type for example and 
thereafter injecting a monomer for imparting the optical-part material (Japanese Patent 
Publication (KOKOKU) No. 60-49298) and the like and the above described method (ii) can be 
performed with a method of polymerization after injection of a monomer for imparting a 
polymer highly reactive to an reaction of introducing substituents which may soften the polymer 
into a hollow portion of a hollow cylindrical object made of, for example, a non-reactive or a low 
reactive polymer to polymerize it and the like. Components of the monomer for polymerization 
thereof may be in a mode of a premonomer or be solution with an appropriate polymer having 
been dissolved therein. Moreover, the optical-part material or the peripheral-part material 
formed in advance to be used in the above described methods (i) and (ii) may be a mode of a 
prepolymer or a polymer with a monomer caused to be impregnated therein as far as a required 
shape is retainable during polymerization, and in those cases, it will be preferable to complete 
polymerization of a monomer component during the course of the above described 
polymerization. 
[0010] 

Polymerization in the above described methods (i), (ii) and the like can be performed, 
carrying out the normal radical polymer reaction. To that extent, there adaptable are a method 
of using a thermopolymerization initiator such as benzoil peroxide azobisisobutyronitrile, 
azobisdimethylvaleronitrile and the like, for example, and occasionally increasing temperature 
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stepwise to carry out polymerization or a method of radiating light to carry out polymerization in 
the presence of a photopolymerization initiator such as benzoin, benzoinmethylether, 
benzophenone, Michler's keton and the like. In case of increasing temperature stepwise to carry 
out polymerization, two or more thermopolymerization initiators having different decomposition 
temperatures can be used in combination and in case of carrying out photopolymerization, a 
photopolymerization initiator and a thermopolymerization initiator may be used in combination 
to carry out photopolymerization and thermopolymerization concurrently or stepwise. 
Typically, 0.01 to 10 parts by weight of the photopolymerization or thermopolymerization 
initiator are used per 1 00 parts by weight of a monomer. 
[0011] 

Thus obtained lens base is not only excellent in optical properties but also hard and can 
undergo accurate cutting and grinding processing and can be processed to shape various types of 
lens including an intraocular lens and the like. 
[0012] 

As a reaction for manufacturing a composite lens of the present invention, or for 
introducing substituents which may soften a polymer configuring an optical part, there 
nominated are those selected from the group consisting of, for example, an esterification reaction, 
an ester exchange reaction, a hydroxy lizat ion reaction and the like but the esterification reaction 
and the ester exchange reaction are preferable reactions. As for the esterification reaction and 
ester exchange reaction, any but only one of them can be carried out or the both reactions can 
also be carried out concurrently. 




In the method (c) of the methods for softening the optical portion by introducing 
substituents in the lens base, the reactivity of the material composing the optical-part has to be 
higher than that of the peripheral material. 

Further, the method (d) may be performed by, for example, carrying out the reaction after 
coating a part corresponding to the reactive peripheral-part of the lens base so that a reactant 
does not permeate. 



[0014] 

At the time of manufacturing a composite lens of the present invention, in the case of 
utilizing the esterification reaction and/or ester exchange reaction, the material configuring the 
optical part needs to be susceptible of an esterification reaction and/or an ester exchange reaction. 
Preferably, as a reactive optical-part material thereof, there used is a polymer containing a 
monomer (herein after to be referred to as "alcohol reactive monomer") unit reactive with 
alcohol which may soften the optical-part material. Those alcohol reactive monomers can be 
exemplified by acrylic acid esters such as alkyl acrylate, fluoroalkyl acrylate and the like and 
unsaturated carboxylic acid such as mono- or polycarboxylic acid selected from the group 
consisting of acrylic acid, methacrylic acid, itaconic acid, fumaric acid, and the like. 
[0015] 

As alkyl acrylate or fluoroalkyl acrylate among alcohol reactive monomers, a monomer 
expressed by the following general formula (I) is preferable: 
CH2=CH-COOR^ ... (I) 

(in the formula, reference character with numeral R' denotes a fluoroalkyl group with 1 to 20 of 
carbon number, coupled through an alkyl group with 1 to 20 of carbon number or a bivalent 
hydrocarbon group with 1 to 4 of carbon number). 
[0016] 

Specific examples of the monomer of general formula (I) include, straight-chain, 
branched or annular alkyl acrylate with 1 to 20 of carbon number (in particular, 1 to 12 of carbon 
number) selected from the group consisting of methyl acrylate, ethyl acrylate, isopropyl acrylate, 
n-propyl acrylate, n-butyl acrylate, t-butyl acrylate, n-pentyl acrylate, n-hexyl acrylate, n-heptyl 
acrylate, n-octyl acrylate, 2-ethylhexyl acrylate, n-nonyl acrylate, n-decyl acrylate, n-dodecyl 
acrylate, n-undecyl acrylate, cyclohexyl acrylate, isobornyl acrylate and the like and 
straight-chain or branched or fluoroalkyl acrylate with 2 to 20 of carbon number (in particular, 2 
to 12 of carbon number) selected from the group consisting of 2,2,2-trifluoroethyl acrylate, 
2,2,3,3-tetrafluoropropyl acrylate, 2,2,3,3,3-pentafluoropropyl acrylate, 
2,2,2,2,2,2-hexafluoroisopropyl acrylate, 2,2,3,4,4,4-hexafluorobutyl acrylate. 



2,2,3, 3,4,4,5, 5-octafluoropentyl acrylate, 2,2,3,3,4,4,5,5,6,6, 7,7-dodecafluoroheptyl acrylate, 
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9-hexadecafluorononyl acrylate, 

3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl acrylate, 2,2,3,3-tetrafluoro-l-methylpropyl acrylate, 
2,2,3,3- tetrafluoro-l-dimethylpropyl acrylate, 2,2,3,3,4,4,5,5-octafluoro-lJ-dimethylpentyl 
acrylate and the like. 
[0017] 

In the present invention, a polymer for forming an optical part may not be provided with 
sufficient optical properties, processability and the like if it is produced only from one of the 
above described alcohol reactive monomers, and therefore, it is preferable to use alcohol reactive 
monomers together with at least one kind selected from the group consisting of silicon 
compounds expressed by general formula (II) described below and esters of an acrylic system 
expressed by general formula (III). 
[0018] 

V r R« 

.11 I 
A*-X-SiO-(SiO)K"-Si-Z • • -(11) 

I I I 

[in the formula, reference character with numeral denotes a polymerization property 
unsaturated group selected from the group consisting of, for example, a vinyl group, an allyl 
group, a methacryloyl group, an acryloyl group and the like; reference character X denotes a 
bivalent hydrocarbon group with 1 to 10 (preferably 1 to 4) of carbon number; and reference 
characters with numerals to denote the same single one or possibly different ones selected 
from the group consisting of a hydrogen atom, an alkyl group, a fluoroalkyl group, a phenyl 
group and a vinyl group or 

I 

-OSi— 

1 

group (here, reference characters with numerals R^ to R^^ denote the same single one or possibly 
different ones selected from the group consisting of a hydrogen atom, an alkyl group, a 



fluoroalkyl group, a phenyl group and a vinyl group); reference character Z denotes a -X-A^ 
group (here, reference character X denotes likewise as described above and reference character 
with numeral denotes a polymerization property unsaturated group or hydrogen atom.); and 
reference character k denotes an integer 0 to 100 (preferably 0 to 20) and in the case where 
reference character k is 2 or larger, -Si(R'^)(R^)0- units present in plurality may be the same or 
may be different.] 
[0019] 

CHz— C-C00R^2 • • • (III) 

(in the formula, reference character with numeral R^^ denotes a fluorine atom, an alkyl group or 
a fluoroalkyl group and reference character with numeral R^^ denotes a substituted or 
unsubstituted alkyl group.) 
[0020] 

In the general formulas (II) and (III), as an alkyl group among reference characters with 
numerals R^ to R*^, there nominated are straight-chain, branched or annular alkyl acrylate with 1 
to 12 of carbon number (in particular, 1 to 8 of carbon number) selected from the group 
consisting of, for example, a methyl group, an ethyl group, an n-propyl group, an i-propyl group, 
an n-butyl group, an i-butyl group, a t-butyl group, an n-pentyl group, an i-pentyl group, a hexyl 
group, a heptyl group, an octyl group, a 2-ethyl hexyl group, a nonyl group, a decyl group, a 
dedecyl group, an undecyl group, a cyclohexyl group, an isobornyl group and the like and as a 
fluoroalkyl group among reference characters with numerals R^ to R^^, there nominated is a 
fluoroalkyl group with 1 to 12 (preferably, 1 to 8) of carbon number selected from the group 
consisting of, for example, trifluoromethyl group, trifluoroethyl group, trifluoropropyl group, 
penta fluorobutyl group, heptafluoropenthyl group, nonafluoro hexyl group and the like. In 
addition, as reference character X, those selected from the group consisting of an ethylene group, 
a propylene group and the like are nominated and, as a polymerization property unsaturated 
group in reference character characters with numerals A^ and A^, there nominated are a vinyl 
group, a CH^=C(R*^)COO- group (here, reference character with numerals R'"^ denotes one 



- 10- 



selected from the group consisting of hydrogen atom, a fluorine atom, a methyl group or a 
fluoroalkyl group with 1 to 12 (preferably 1 to 8) of carbon number.), a CH2=CHCONH- group, 
a CH2=C(CN)- group, a CH2=C(CN)COO- group, a CH2=CHC5H4- group and the like. 
[0021] 

Specific examples of the silicone compound represented by the general formula (11) 
include siloxanyl monomethacrylate, siloxanyl monoacrylate, fluorosiloxanyl monomethacrylate, 
fluorosiloxanyl monoacrylate, siloxanyl dimethacrylate, siloxanyl diacrylate, fluorosiloxanyl 
dimethacrylate, and fluorosiloxanyl diacrylate. Preferable silicone compounds include 
siloxanyl monomethacrylates or siloxanyl monoacrylates such as pentamethyldisiloxanylmethyl 
methacrylate, pentamethyldisiloxanylmethyl acrylate, pentamethyldisiloxanylpropyl 
methacrylate, pentamethyldisiloxanylpropyl acrylate, methylbis(trimethylsiloxy)silylpropyl 
methacrylate, methylbis(trimethylsiloxy)silylpropyl acrylate, tris(trimethylsiloxy)silylpropyl 
methacrylate, tris(trimethylsiloxy)silylpropyl acrylate, 
methylbis(trimethylsiloxy)silylpropylglycerol methacrylate, 

methylbis(trimethylsiloxy)silylpropylglycerol acrylate, tris(trimethylsiloxy)silylpropylglycerol 
methacrylate, tris(trimethylsiloxy)silylpropylglycerol acrylate, 

mono[methylbis(trimethylsiloxy)siloxy]bis(trimethylsiloxy)silylpropylglycerol methacrylate, 
mono[methylbis(trimethylsiloxy)siloxy]bis(trimethylsiloxy)silylpropylglycerol acrylate, 
trimethylsilylethyltetramethyldisiloxanylpropylglycerol methacrylate, and 
trimethylsilylethy Itetramethy Idisiloxany Ipropy Iglycerol acrylate; fluorosi loxanyl 
monomethacrylates or fluorosiloxanyl monoacrylates such as 
(3,3,3-trifluoropropyldimethylsiloxy)bis(trimethylsiloxy)silylmethyl methacrylate, 
(3,3,3-trifluoropropyldimethylsiloxy)bis(trimethylsiloxy)silylmethyl acrylate, 
(3,3,4,4,5,5,5-heptafluoropentyldimethylsiloxy)[methylbis(trimethylsiloxy)siloxy]trimethylsilox 
ysily Ipropy 1 methacrylate, 

(3,3,4,4,5, 5, 5-heptafluoropentyldimethylsiloxy)[methylbis(trimethylsiloxy)siloxy]trimethylsilox 
ysily Ipropy 1 acrylate, and 

(3,3,4,4,5, 5, 5-heptafluoropentyldimethylsiloxy)(pentamethyldisiloxanyloxy)trimethylsiloxysilyl 
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methacrylate; and siloxanyl dimethacrylates or siloxanyl diacrylates represented by the following 

formula: 

[0022] 

CHa CH3 CH3 CHa 

I II I 

CHz—C-COO — (CH2)8 — Si— 0-Si- (CH2)s-0C0-C = CH2 

1 I 
CHs CHs 

or 

[0023] 

CH3 CHs CH3 CH3 

I II I 

CH2«=C-C00— (CH2)8— (Si0)5— Si— (CH2)3-0C0-C=CH2 

I I 

CHs CHs 

[0024] 

Particularly preferable compounds among these silicone compounds are siloxanyl 
monomethacrylates such as pentamethyldisiloxanylmethyl methacrylate, 

pentamethyldisiloxanylpropyl methacrylate, methylbis(trimethylsiloxy)silylpropyl methacrylate, 
and tris(trimethylsiloxy)silylpropyl methacrylate; and fluorosiloxanyl monomethacrylates such 
as (3,3,3-trifluoropropyldimethylsiloxy)bis(trimethylsiloxy)silylmethyl methacrylate, 
(3,3,4,4,5,5,5-heptafluoropentyldimethylsiloxy)[methylbis(trimethylsiloxy)siloxy]trimethylsilox 
ysilylpropyl methacrylate, and 

(3,3,4,4,5,5,5-heptafluoropentyldimethylsiloxy)(pentamethyldisiloxanyloxy)trimethylsiloxysilyl 
methacrylate. Those silicon compounds are functional to give oxygen permeability to a 
composite lens of the present invention. 
[0025] 

Specific examples of the acrylic ester represented by the general formula (111) include 
alkyl methacrylates such as methyl methacrylate, ethyl methacrylate, n-propyl methacrylate, 
i-propyl methacrylate, n-butyl methacrylate, t-butyl methacrylate, n-pentyl methacrylate, n-hexyl 
methacrylate, n-heptyl methacrylate, n-octyl methacrylate, 2-ethylhexyl methacrylate, n-nonyl 
methacrylate, n-decy! methacrylate, n-dodecyl methacrylate, n-undecyl methacrylate, cyclohexyl 
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methacrylate, and isobomyl methacrylate; fluoroalkyl methacrylates such as 2,2,2-trifluoroethyl 
methacrylate, 2,2,2-trifluoroethyl-a-trifluoromethyl methacrylate, 2,2,3, 3-tetrafluoropropyI 
methacrylate, 2,2,3,3,3-pentafluoropropyl methacrylate, 2,2,2,2, 2,2-hexafluoroisopropyl 
methacrylate, 2,2,3,4,4,4-hexafluorobutyl methacrylate, 2,2,3, 3,4,4,5, 5-octafluoropentyl 
methacrylate, 2,2,3,3,4,4,5, 5,6,6,7,7-dodecafluoroheptyl methacrylate, 
2,2,3, 3,4,4,5,5, 6,6,7,7,8,8,9,9-hexadecafluorononyl methacrylate, 

3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl methacrylate, 2,2,3,3-tetrafluoro-l -methylpropyl 
methacrylate, 2,2,3,3-tetrafluoro-l, 1-dimethylpropyl methacrylate, and 

2,2,3, 3,4,4,5, 5-octafluoro-l,l-dimethylpentyl methacrylate; substituted or unsubstituted alkyl 
esters of (a-alkyl)acrylic acid such as methyl-(a-ethyl) acrylate, ethyl-(a-ethyl) acrylate, 
propyl-(a-ethyl) acrylate, butyl-(a-ethyl) acrylate, 2-hydroxyethyl-(a-ethyl) acrylate, 
2-hydroxypropyl-(a-ethyl) acrylate, diethylaminoethyl-(a-ethyl) acrylate, glycidyl-(a-ethyl) 
acrylate, methyl-(a-butyl) acrylate, ethyl-(a-butyl) acrylate, propyl-(a-butyl) acrylate, 
butyl-(a-butyl) acrylate, 2-hydroxyethyl-(a-butyl) acrylate, 2-hydroxypropyl-(a-butyl) acrylate, 
diethylaminoethyl-(a-butyl) acrylate, and glycidyl-(a-butyl) acrylate; alkyl-(a-fluoroalkyl) 
acrylates such as methyl-(a-trifluoroethyl) acrylate, ethyl-(a-trifluoroethyl) acrylate, 
propyl-(a-trifluoroethyl) acrylate, butyl-(a-trifluoroethyl) acrylate, methyl-(a-trifluoropropyl) 
acrylate, ethyl-(a-trifluoropropyl) acrylate, propyl-(a-trifluoropropyl) acrylate, 
butyl-(a-trifluoropropyl) acrylate, methyl-(a-nonafluorohexyl) acrylate, 
ethyl-(a-nonafluorohexyl) acrylate, propyl-(a-nonafluorohexyl) acrylate, and 
butyl-(a-nonafluorohexyl) acrylate; and fluoroalkyl-(a-fluoroalkyl) acrylates such as 
2,2,2-trifluoroethyl-(a-trifluoroethyl) acrylate, 2,2,3,3-tetrafluoropropyl-(a-trifluoroethyl) 
acrylate, 2,2,3,3,3-pentafluoropropyl-(a-trifluoroethyl) acrylate, 
2,2,2,2,2,2-hexafluoroisopropyl-(a-trifluoroethyl) acrylate, 
2,2,3,4,4,4-hexafluorobutyl-(a-trifluoroethyl) acrylate, 
2,2,3,3, 4,4,5, 5-octafluoropentyl-(a-trifluoroethyl) acrylate, 
2,2,3,3,4,4,5,5, 6,6, 7, 7-dodecafluoroheptyl-(a-trifluoroethyl) acrylate, 
2,2,3, 3,4,4,5, 5, 6,6,7, 7,8,8,9,9-hexadecafluorononyl-(a-trifluoroethyl) acrylate. 
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3, 3,4,4,5,5, 6,6,7,7,8,8,8-tridecafluorooctyl-(a-trifluoroethyl) acrylate, 

2,2,3, 3-tetrafluoro- 1 -methylpropyl-(a-trifluoroethyl) acrylate, 

2,2,3, 3-tetrafluoro- 1 , 1 -dimethy Ipropyl-(a-trifluoroethyl) acrylate, 

2,2,3,3,4,4,5, 5-octafluoro-l,l-dimethylpentyl-(a-trifluoroethyl) acrylate, 

2,2,2-trifluoroethyl-(a-nonaf[uorohexyI) acrylate, 

2,2,3,3, 3-pentafluoropropyl-(a-nonafluorohexyl) acrylate, 

2,2,2,2,2,2-hexafluoroisopropyl-(a-nonafluorohexyl) acrylate, 

2,2,3,4,4,4-hexafluorobutyl-(a-nonafluorohexyl) acrylate, 

2,2,3,3,4,4,5, 5-octafluoropentyl-(a-nonafluorohexyl) acrylate, 

2,2,3, 3,4,4,5, 5, 6,6,7,7-dodecafluoroheptyl-(a-nonafluorohexyl) acrylate, 

2,2,3,3,4,4,5, 5, 6,6, 7, 7,8,8,9,9-hexadecafluorononyl-(a-nonafluorohexyl) acrylate, 

3,3,4,4,5,5,6,6,7,7,8,8,8-tridecafluorooctyl-(a-nonafluorohexyl) acrylate, 

2,2,3, 3-tetrafluoro- 1 -methylpropyl-(a-nonafluorohexyl) acrylate, 

2,2,3, 3-tetrafluoro- l,l-dimethylpropyl-(a-nonafluorohexyl) acrylate, 

2,2,3,3, 4,4,5, 5-octafluoro-l,l-dimethylpentyl-(a-nonafluorohexyl) acrylate, 

2,2,2-trifluoroethyl-(a-pentadecaf[uorononyl) acrylate, and 

2,2,3,3, 3-pentafluoropropyl-(a-pentadecafluorononyl) acrylate, 

[0026] 

Particularly preferable compounds among these acrylic esters are alkyl methacrylates 
such as methyl methacrylate, ethyl methacrylate, isopropyl methacrylate, n-butyl methacrylate, 
t-butyl methacrylate, and cyclohexyl methacrylate; and fluoroalkyl methacrylates such as 
2,2,2-trifluoromethyl methacrylate, 2,2,2-trifluoroethyl-a-trifluoromethyl methacrylate, 
2,2,3,3-tetrafiuoropropyl methacrylate, 2,2,3,3,3-pentafluoropropyI methacrylate, 
2,2,2,2,2,2-hexafluoroisopropyl methacrylate, 2,2,3,4,4,4-hexafluorobutyl methacrylate, 
2,2,3,3,4,4,5,5-octafluoropentyl methacrylate, 2,2,3,3,4,4,5, 5,6,6, 7,7-dodecafluorooctyl 
methacrylate, 3, 3,4,4,5,5, 6,6, 7, 7,8,8,8-tridecafluorooctyI methacrylate, 
2,2,3, 3-tetrafluoro-l-methylpropyl methacrylate, 2,2,3, 3-tetrafluoro- 1, 1-dimethylpropyl 
methacrylate, and 2,2,3,3,4,4,5,5-octafluoro-l,l-dimethylpentyl methacrylate. 
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Further, to improve the quality in cutting process, grinding process, etc. by slightly 
increasing the hardness of the polymer constituting the optical-part of the composite lens of the 
present invention, the crosslinking monomer can be used concomitantly with the alcohol reactive 
monomer. Specific example of the crosslinking monomer includes multifunctional monomer 
such as ethylene glycol dimethacrylate, ethylene glycol diacrylate, moldthvlene glycol 
dimethacrvlate , moldthylene glycol diacrylate, triethylene glycol dimethacrylate, triethylene 
glycol diacrylate, tetraethylene glycol dimethacrylate, tetraethylene glycol diacrylate, propylene 
glycol dimethacrylate, propylene glycol diacrylate, 1,4-butanediol dimethacrylate, polyfunctional 
monomers, 1,4-butanediol diacrylate, neopentyl glycol dimethacrylate, neopentyl glycol 
diacrylate, trimethylolpropanetrimethacrylate, and trimethylolpropane triacrylate. 




Further, in order to make a surface of the optical-part of the composite lens of the present 
invention hydrophilic, or in order to make the entire polymer composing the optical-part 
hydrophilic, hydrophilic monomers such as N-vinyl-2-pyrrolidone, an 

alpha-methylene-N-methyl pyrrolidone, 2-hydroxyethyl methacrylate . 2-hydroxyethyl acrylate, 
2-hydroxy butyl methacrylate, 2-hydroxy butyl acrylate, dihydroxy butyl methacrylate, 
dihydroxy butyl acrylate, moldthylamino ethyl methacrylate, moldthylamino ethyl acrylate, 
dimethylaminoethyl methacrylate, and dimethylamino ethyl acrylate may be used together with 
the alcohol reactive monomer. 
[0029] 

Moreover, besides the above described silicon compounds, esters of an acrylic system, 
crosslinking monomers or hydrophilic monomers, it is possible to use styrene or styrene 
derivatives selected from the group consisting of, for example, trimethylsilylstyrene, 
fluorostyrene, trifluorostyrene, methylstyrene, trimethylstyrene and the like together with alcohol 
reactive monomers. 
[0030] 
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Monomer compositions in a polymer configuring the above described optical-part 
material is appropriately selected depending on properties of a composite lens but the alcohol 
reactive monomer in a polymer configuring the optical-part material is used within a range of 
generally 10 to 80% by weight and preferably 30 to 70% by weight of the entire monomer. 
With a rate of content less than 10% by weight of alcohol reactive monomer, it is impossible to 
soften the optical part sufficiently, and in excess of 80% by weight, the optical part after 
softening will get weak and breakable. In addition, as for the other monomers to be used 
together with the alcohol reactive monomer, 0 to 50% by weight and, in particular, 10 to 40% by 
weight of the entire monomers are silicon compounds expressed by general formula (II); 10 to 
60% by weight and preferably 15 to 50% by weight, in particular, of the entire monomers are 
esters of an acrylic system expressed by general formula (III); preferably 0 to 30% by weight and, 
in particular, preferably 0 to 20% by weight, in particular, of the entire monomers are 
crosslinking monomers; and preferably 0 to 20% by weight and preferably 0 to 1 5% by weight, 
in particular, of the entire monomers are hydrophilic monomers. Too many crosslinking 
monomers will make the quality of material brittle and too many hydrophilic monomers will too 
much heighten percentage of water in material and are inappropriate. 
[0031] 

Next, in order to soften the optical-part of the composite lens of the present invention, 
when performing esterification reaction and/or ester exchange reaction, the material which is 
low- or non-reactive to the esterification reaction and/or the ester exchange reaction is used to 
constitute the peripheral-part of the composite lens. Such a material is not limited to the one 
mentioned above as long as it satisfies the requirement of the present invention related to the 
tensile modulus and the glass transition point after softening and is relatively harder than the 
optical-part. 
[0032] 

In the case of manufacturing such a peripheral-part material by polymerizing the 
monomers in the periphery of the optical-part material, it is possible to use, as the monomers, 
silicon compounds expressed by general formula (II), acrylic esters expressed by general formula 
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(Ill), the above described crosslinking monomers, the above described hydrophilic monomers 
and/or the above described styrene or, otherwise, derivatives thereof. In addition, it is possible 
for the monomers to contain the above described alcohol reactive monomers being present 
within a range of 0 to 50% by weight but to contain preferably, in this case, 5 to 40% by weight 
of the alcohol reactive monomers. Thus, with the alcohol reactive monomers being contained 
in the peripheral-part material, their composition will get more similar to those of the optical-part 
material so as to make it possible to restrain polymerization distortion and optical distortions of 
the composite lens. In addition, with the rate of content of alcohol reactive monomers in excess 
of 50% by weight, mechanical strength in the periphery will become insufficient. 
[0033] 

In addition, examples of materials low- or non-reactive to the esterification reaction 
and/or ester exchange reaction, which are manufactured or obtained independently of the 
optical-part material include: polymer materials such as olefmic polymers (polyethylene, 
polypropylene, ethylene-propylene block copolymer and the like), styrenic polymers 
(polystyrene, impact resistant polystyrene, ABS resin and the like), halogenated olefin polymers 
(polymers produced from vinyl chloride, vinylidene chloride, tetrafluoroethylene and the like), 
hydrogenation product of styrene-butadiene block copolymer, polyacetal, polyethers 
(polyphenylene ether and the like), ketone polymers (polyether ketone, polyether ether ketone, 
polyketone sulfide and the like), polyurethanes, polycarbonates, polyesters (polybutylene 
terephthalate, polyarylates, polyethylene naphthalate and the like), polyamides (nylon 4,6, nylon 
11, nylon 12, nylon 6,10, nylon 6,12, poly-paraphenylene terephthalamide and the like), 
polyester-amides, polyimides, (polyetherimide, polyestherimide, polyamideimide and the like ), 
polysulfides (polyphenylene sulfide and the like), polysulfones (polyether sulfone, polyaryl 
sulfone and the like), and polymer blends or polymer alloys of two or more of these polymer 
materials; non-polymer materials including inorganic materials such as glass, ceramics (an Al-O 
system, an Mg-O system, an Al-Si-O system, an Al-Mg-Si-O system, an Al-Ti-O system, an 
Al-N system, an Si-C system, an Si-N system, an Al-Si-C-N system, a Ti-N system, a B-N 
system, a Ti-B and the like), inorganic semiconductor materials, metals and the like; and, 
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composite materials obtained from the polymer materials and non-polymer materials as 

described above. 

[0034] 

The types and compositions of the optical-part material and the peripheral-part material 
used in the present invention are preferably selected so as to restrict polymerization distortion, 
optical distortion and the like in a composite lens as much as possible and, for example, it is 
preferable that compositions are not so different between two kinds of materials. Accordingly, 
in the case where any of the optical-part material and the peripheral-part material is 
manufactured by polymerization, it is preferable that kinds and compositions of monomers of 
two kinds of materials are appropriately adjusted or the same monomer or composition is taken 
for the both kinds of materials. In the former case, it will become necessary to increase the 
content of monomers giving such a polymer that, in the optical part, heightens the rate of content 
of the above described alcohol reactive monomer and, in the peripheral part, lowers the rate of 
content of the alcohol reactive monomer relatively to heighten the hardness, the tensile modulus 
or the glass transition point of the peripheral-part material. In addition, in the latter case, as 
having been described in the above (D), only the optical-part material is caused to react with 
alcohol. 
[0035] 

In any of those cases, kinds and compositions of monomers of the optical-part material 
and the peripheral-part material are selected so that, after the above described reaction with 
alcohol, the optical-part material has 0.01 to 1,000 MPa of tensile modulus and not more than 
330°K of glass transition point while the peripheral-part material has 10 MPa to 500 GPa of 
tensile modulus and not less than 270°K of glass transition point. Here, if such a polymerizing 
method, a molding method and the like that can alleviate polymerization distortion and optical 
distortion of a composite lens can be adopted, it is possible to change the compositions to a 
certain extent between the optical-part material and the peripheral-part material. In addition, in 
the present invention, it is possible to combine the optical-part material and the peripheral-part 
material as well so as to give a composite lens having so-called dipping structure that causes the 
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tensile modulus or the glass transition point to change in a continuous fashion from the optical 

part to the peripheral part. 

[0036] 

Subsequently, the lens base obtained as described above is caused to react with an alcohol 
to undergo esterification and/or ester exchange. The alcohol to be used for the reaction is 
variable depending on the desired tensile modulus or glass transition point of the optical-part 
material or the peripheral-part material, but examples thereof include alcohols with 3 to 12 of 
carbon number such as n-butanol, n-pentanol, n-hexanol, n-heptanol, n-octanol, n-nonanol, 
n-decanol, n-undecanol, n-dodecanol and the like and fluoroalkyl alcohol with a part of or the 
entire hydrogen atoms in an alkyl group of those alcohols having been substituted with fluorine 
atoms. The esterification and/or ester exchange reaction softens, the optical-part material 
consisting of a polymer containing alcohol-reactive monomer units more than the peripheral-part 
material. 




When performing the esterification reaction and/or the ester exchange reaction to make 
the optical-part material softer than the peripheral-part material, the entire lens base may be 
contacted by alcohol if the optical-part material and the peripheral-part material have the 
different reactivity. Further, when the whole of the lens base consists of only the 
alcohol-reactive polymer, it may, for example, react with alcohol after coating the portion 
corresponding to the peripheral-part of the lens base to prevent permeation of alcohol. By 
performing such an esterification reaction and/or an ester exchange reaction, the optical-part 
material is softened, and the peripheral-part material is also somewhat softened when it includes 
the alcohol-reactive monomer unit. The degree of the softness regarding the peripheral-part is 
appropriately selected based on the relationships with the optical-part material. 
[0038] 

The above esterification and/or ester exchange reaction are/is performed typically in the 
presence of a catalyst. This catalyst may be an alkali catalyst such as sodium hydroxide and the 
like, but an acid catalyst, for example, concentrated sulfuric acid, methanesulfonic acid. 
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toluenesulfonic acid or the like, is preferable. The concentration of the catalyst is preferably 
0.5 to 10% by weight in alcohol. The treatment is performed normally under a condition at 20 
to 200°C as temperature for 1 to 100 hours as time. The esterification and/or ester exchange 
treatment are/is described in detail in Japanese Patent Publication (KOKOKU) No. 53-3 1 198. 
[0039] 

After the esterification and/or ester exchange reaction, the lens base has already been 
permeated by the catalyst used for the reaction, unreacted alcohol, alcohol produced by the 
reaction, the reaction solvent, water and the like, and so in order to remove them, a Soxhlet 
extractor and the like should be used to clean it. The cleaning solvent may include, for example, 
hydrocarbons such as toluene, and hexane, and ketones such as acetone and methyl ethyl ketone. 
The cleaned lens base is dried from 20 to 1 50°C to remove the cleaning solvent. 
[0040] 

The optical-part material and the peripheral-part material of the composite lens of the 
present invention described above in detail are both essentially non- or low-hydrophilic. In 
addition, it is possible for the composite lens to further undergo a surface treatment for 
improving its hydrophilic nature and biocompatibility, such as alkali treatment, plasma treatment 
with oxygen, nitrogen or the like, plasma treatment with a hydrophi lie-group containing 
compound, or evaporation, sputtering, ion plating or the like of an inorganic compound, in order 
to make it more compatible with lacrimal fluid or intraocular fluid. 
[0041] 

The shape, size and the like of the composite lens of the present invention are variable 
depending on the intended use thereof, symptoms of opthalmopathys and the like, and one 
example of the intraocular lens of the present invention is shown in Figures 1 and 2. 
[0042] 

Compared with such a case that an optical-part material is hard and the peripheral-part 
material is soft, the composite lens of the present invention, in particular, as an intraocular lens, 
will be provided with good flexibility across the entire lens and, consequently, can be inserted 
easily through a small incision without harming intraocular tissue and is excellent in positional 
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stability within an eye, since the periphery as a supporting member is relatively hard, and will 

not deviate after intraocular insertion and, in addition, is susceptible of processing into a lens 

excellent in dimensional accuracy. 

[0043] 

[Examples] 

Taking examples and comparative examples, the present invention will be described 
further specifically below, but the present invention will not be limited to those examples. Here, 
a "part" means a "part by weight". 
Example 1 

A mixture consisting of 25 parts of acrylic acid, 15 parts of butyl acrylate, 5 parts of 
ethylene glycol dimethacrylate, 55 parts of butyl methacrylate and 0.05 parts of benzoin methyl 
ether was put into a container with a 5-mm inner diameter and a 20-mm depth made of 
polyethylene and exposed to ultraviolet radiation at room temperature under nitrogen atmosphere 
for an hour, and then polymerization was terminated to provide a pudding-like columnar object. 
That columnar object was placed at the center of a container with a 1 5-mm inner diameter and a 
20-mm depth made of polyethylene, and a mixture consisting of 10 parts of acrylic acid, 5 parts 
of ethylene glycol dimethacrylate, 30 parts of butyl acrylate, 55 parts of ethyl methacrylate, 0.05 
parts of benzoin methyl ether and 0.05 parts of azobisisobutyronitrile was put around the object, 
and the mixture was left for one hour under nitrogen atmosphere. It was exposed to ultraviolet 
radiation at room temperature for ten hours and further raised up to 70°C under ultraviolet 
radiation and polymerized for 24 hours. After polymerization, the obtained mass polymer was 
cut and polished to produce a lens base in the form of an intraocular lens shown in Figure 2. 
The copolymer thereof can be processed likewise a normal intraocular lens made of hard 
polymethylmethacrylate in the cutting and grinding step and the finish surface was flat and 
smooth. Subsequently, that lens base was placed inside a flask where reaction mixture 
consisting of 200 ml of n-butanol, 10 ml of toluene and 0.5 ml of methanesulfonic acid was put 
and was caused to undergo reaction at the reflux temperature for 48 hours to perform 
esterification reaction on acrylic acid in the polymer. After the reaction was over, the polymer 
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was cleaned with methanol and dried with a Soxhlet extractor to obtain a composite intraocular 
lens having its optical part being soft and its peripheral part being relatively hard. The tensile 
modulus/the glass transition point thereof was 5 MPa/270°K for the optical-part material and 135 
MPa/3 lO^'K for the peripheral -part material. The obtained composite intraocular lens was 
bendable when it was pinched by tweezers at the both ends and no twist or abnormal refraction 
was observed between the optical and peripheral parts. In addition, in intraintraocular insertion 
operations for domestic rabbits, it was possible to carry out insertion easily through an incision 
(4 to 5 mm) smaller than a conventional incision (not less than 6 mm), also after insertion, 
positional stability was good and the entire lens never fell out of the crystal lens capsule unlike in 
the case of an intraocular lens made of silicon being soft in its entirety. In addition, thus 
obtained lens hardly adsorbed dirt and even a month after the operation, clear retinal images 
were observed as they were before the operation. 
[0044] 
Example 2 

A mixture consisting of 30 parts of acrylic acid, 5 parts of methacrylic acid, 10 parts of 
butyl acrylate, 5 parts of ethylene glycol dimethacrylate, 40 parts of butyl methacrylate, 10 parts 
of ethyl methacrylate and 0.05 parts of benzoin methyl ether was put into a container with 5 mm 
inner diameter and 20 mm depth made of polyethylene. Then, ultraviolet was radiated there at 
room temperature under nitrogen atmosphere for an hour, then polymerization was caused to halt 
and a pudding-like columnar object was obtained. The columnar object was placed at the 
center of a container with 15 mm inner diameter and 20 mm depth made of polyethylene. A 
mixture consisting of 30 parts of butyl acrylate, 10 parts of methyl methacrylate, 5 parts of 
ethylene glycol dimethacrylate, 55 parts of 2,2,2-trifluoroethyl methacrylate, 0.05 parts of 
benzoin methyl ether and 0.05 parts of azobisisobutyronitrile was put around the object. The 
reaction was left for one hour under nitrogen atmosphere, and ultraviolet was radiated at room 
temperature for ten hours and, moreover, temperature was caused to increase up to lO^'C under 
ultraviolet radiation and polymerization was performed for 24 hours. After polymerization, the 
obtained mass polymer was cut and polished to produce a lens base in the form of an intraocular 
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lens shown in Figure 1. The polymer thereof can be processed likewise a normal intraocular 
lens made of hard polymethylmethacrylate in the cutting and grinding step and the finish surface 
was flat and smooth. Subsequently, that lens base was placed inside a flask where a reaction 
mixture consisting of 200 ml of n-butanol, 10 ml of toluene and 0.5 ml of methanesulfonic acid 
was put and was caused to undergo reaction at a reflux temperature for 48 hours to perform 
esterification reaction on acrylic acid in the polymer. After the reaction was over, the polymer 
was cleaned with methanol and dried with a Soxhlet extractor to obtain a composite intraocular 
lens having its optical part being soft and its peripheral part being relatively hard. The tensile 
modulus/the glass transition point thereof was 30 MPa/3 10°K for the optical-part material and 
230 MPa/320°K for the peripheral-part material. The obtained composite intraocular lens was 
bendable when it was pinched by tweezers at the both ends and no twists or abnormal refraction 
were admitted. In addition, at an insertion operation to domestic rabbits, it was possible to 
carry out insertion easily through an incision (4 to 5 mm) smaller than a conventional incision, 
also after insertion, positional stability was good and the entire lens never fell out of the crystal 
lens capsule unlike in the case of an intraocular lens made of silicon. In addition, thus obtained 
lens hardly adsorbed dirt and even a month after the operation, clear retinal images were 
observed as they were before the operation. 
[0045] 
Example 3 

A mixture consisting of 30 parts of acrylic acid, 5 parts of methacrylic acid, 10 parts of 
butyl methacrylate, 35 parts of 2,2,2-trifluoroethyl methacrylate, 15 parts of 2-ethyl hexyl 
acrylate, 5 parts of ethylene glycol dimethacrylate, 0.05 parts of benzoin methyl ether was put 
into a container with 5 mm inner diameter and 20 mm depth made of polyethylene. Then, 
ultraviolet was radiated there at room temperature under nitrogen atmosphere for an hour, then 
polymerization was caused to halt and a pudding-like columnar object was obtained. The 
columnar object was placed at the center of a container with 1 5 mm inner diameter and 20 mm 
depth made of polyethylene. A mixture consisting of 40 parts of methyl methacrylate, 20 parts of 
butyl acrylate, 25 parts of 2,2,2-trifluoroethyl methacrylate, 5 parts of ethylene glycol 
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dimethacrylate, 10 parts of styrene, 0.05 parts of benzoin methyl ether and 0.05 parts of 
azobisisobutyronitrile was put around the object. The reaction was left for five hours under 
nitrogen atmosphere, and ultraviolet was radiated at room temperature for seven hours and, 
moreover, temperature was caused to increase up to 70°C under ultraviolet radiation and 
polymerization was performed for 24 hours. After polymerization, the obtained mass polymer 
was cut and polished to produce a lens base in the form of an intraocular lens shown in Figure 1 . 
The polymer thereof can be processed likewise a normal intraocular lens made of hard 
polymethylmethacrylate in the cutting and grinding step and the finish surface was flat and 
smooth. Subsequently, that lens base was placed inside a flask where a reaction mixture 
consisting of 200 ml of n-butanol, 10 ml of toluene and 0.5 ml of methanesulfonic acid was put 
and was caused to undergo reaction at a reflux temperature for 48 hours to perform esterification 
reaction on acrylic acid and methacrylic acid in the polymer and to cause 2-ethyl hexyl acrylate 
to undergo the ester exchange reaction. After the reaction was over, the polymer was cleaned 
with methanol and dried with a Soxhlet extractor to obtain a composite intraocular lens having 
its optical part being soft and its peripheral part being relatively hard. The tensile modulus/the 
glass transition point thereof was 12 MPa/280''K for the optical-part material and 1030 
MPa/340°K for the peripheral-part material. The obtained composite intraocular lens was 
bendable when it was pinched by tweezers at the both ends and no twists or abnormal refraction 
were admitted. In addition, at an insertion operation to a domestic rabbits, it was possible to 
carry out insertion easily through an incision (4 to 5 mm) smaller than a conventional incision, 
also after insertion, positional stability was good and the entire lens never fell out of the crystal 
lens capsule unlike in the case of an intraocular lens made of silicon. In addition, thus obtained 
lens hardly adsorbed dirt and even a month after the operation, clear retinal images were 
observed as they were before the operation. 
[0046] 
Example 4 

A mixture consisting of 5 parts of methacrylic acid, 30 parts of ethyl acrylate, 20 parts of 
methylmethacrylate, 5 parts of butyl methacrylate, 25 parts of 2,2,2-trifluoroethyl methacrylate. 
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10 parts of 2-ethyl hexyl acrylate, 5 parts of ethylene glycol dimethacrylate, 0.05 parts of 
benzoin methyl ether and 0.05 parts of azobisisobutyronitrile was put into a container with 5 mm 
inner diameter and 20 mm depth made of polyethylene. Then, ultraviolet was radiated there at 
room temperature under nitrogen atmosphere for seven hours and, moreover, temperature was 
caused to increase up to 70°C under ultraviolet radiation and polymerization was performed for 
24 hours. After polymerization, the obtained mass polymer was cut and polished to produce a 
lens base in the form of an intraocular lens shown in Figure 2. The polymer thereof can be 
processed likewise a normal intraocular lens made of hard polymethylmethacrylate in the cutting 
and grinding step and the finish surface was flat and smooth. Subsequently, pinched with a 
clamp lined with solvent resistant fluoro-rubber as shown in Figure 3, that lens base was placed 
inside a flask where reaction mixture consisting of 200 ml of n-butanol, 10 ml of toluene and 0.5 
ml of methanesulfonic acid was put and was caused to undergo reaction at a reflux temperature 
for 48 hours to perform esterification reaction on methacrylic acid in the polymer and to cause 
2-ethyl hexyl acrylate to undergo the ester exchange reaction. After the reaction was over, the 
polymer was cleaned with methanol and dried with a Soxhlet extractor to obtain a composite 
intraocular lens having its optical part being soft and its peripheral part being relatively hard. 
The tensile modulus/the glass transition point thereof was 120 MPa/300°K for the optical-part 
material and 630 MPa/330''K for the peripheral-part material. The obtained composite 
intraocular lens was bendable when it was pinched by tweezers at the both ends and no twists or 
abnormal refraction were admitted. In addition, at an insertion operation to a domestic rabbits, 
it was possible to carry out insertion easily through an incision (4 to 5 mm) smaller than a 
conventional incision. Also after insertion, positional stability was good and the entire lens 
never fell out of the crystal lens capsule unlike in case of an intraocular lens made of silicon. In 
addition, thus obtained lens hardly adsorbed dirt and even a month after the operation, clear 
retinal images were observed as they were before the operation. 
[0047] 

Comparative example 1 
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A mixture consisting of 5 parts of ethylene glycol dimethacrylate, 95 parts of 
methylmethacrylate and 0.05 parts of benzoin methyl ether was put into a container with 5 mm 
inner diameter and 20 mm depth made of polyethylene. Then, ultraviolet was radiated there at 
room temperature under nitrogen atmosphere for 10 hours and, moreover, temperature was 
caused to increase up to TO^'C under ultraviolet radiation and polymerization was performed for 
24 hours. After polymerization, the obtained mass polymer was cut and polished to produce a 
lens base in the form of an intraocular lens shown in Figure 1 . The tensile modulus/the glass 
transition point thereof was 3000 MPa/370°K. The obtained intraocular lens was not bendable 
when it was pinched by tweezers at the both ends and at an insertion operation to a domestic 
rabbits, it was possible to carry out insertion only through a conventional incision (not less than 6 
mm). 
[0048] 

Comparative example 2 

A mixture consisting of 30 parts of acrylic acid, 20 parts of butyl acrylate, 5 parts of 
ethylene glycol dimethacrylate, 45 parts of butyl methacrylate and 0.05 parts of benzoin methyl 
ether was put into a container with 5 mm inner diameter and 20 mm depth made of polyethylene. 
Then, ultraviolet was radiated there at room temperature under nitrogen atmosphere for 10 hours 
and, moreover, temperature was caused to increase up to 70°C under ultraviolet radiation and 
polymerization was performed for 24 hours. After polymerization, the obtained mass polymer 
was cut and polished to produce a lens base in the form of an intraocular lens shown in Figure 1. 
Subsequently, that lens base was placed inside a flask where reactive mixture consisting of 200 
ml of n-butanol, 10 ml of toluene and 0.5 ml of methanesulfonic acid was put and was caused to 
undergo reaction at the reflux temperature for 48 hours to perform esterification reaction on 
acrylic acid in the polymer. After the reaction was over, the polymer was cleaned with 
methanol and dried with a Soxhlet extractor to obtain an intraocular lens. The tensile 
modulus/the glass transition point thereof was 3 MPa/250°K. The obtained intraocular lens was 
bendable when it was pinched by tweezers at the both ends and at an insertion operation to a 
domestic rabbits, it was possible to carry out insertion through an incision (4 to 5 mm) smaller 
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than at conventional incision (not less than 6 mm) but since the peripheral part was soft, 
positional stability within an eye was poor so that occurrence of falling out of the crystal lens 
capsule was admitted. 
[0049] 

[Advantages of the Invention] 

A composite lens of the present invention is, in particular, used as an intraocular lens, and 
in such a case, optical-part material and peripheral-part material respectively have appropriate 
tensile modulus or glass transition point and, therefore, does not damage intraocular tissue but 
can be inserted from a small incision easily and, after insertion, is excellent in positional stability 
and never deviates. Moreover, due to well balanced quality of material across the lens, it has 
excellent properties as an artificial cornea and can be preferably used as a general contact lens 
and the like as well. Furthermore, since the material is excellently susceptible of processing, 
various kinds of lens with good dimensional accuracy are obtainable. 
[Brief Description of the Drawings] 
[Figure 1] 

Figure 1 is a sectional diagram and a plan diagram of an example of a composite 
intraocular lens of the present invention. 
[Figure 2] 

Figure 2 is a plan view of another example of a composite intraocular lens of the present 
invention. 
[Figure 3] 

Figure 3 is a sectional diagram showing a state in a softening step of a composite 
intraocular lens base of Figure 2. 
[Description of Symbols] 

1 hard peripheral part 

2 soft optical part 

3 clamp 

4 fluoro-rubber 
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